Objective: To comprehensively compare the differences between major dietary patterns in improving glycemic control, cardiovascular risk, and weight loss for patients with type 2 diabetes.
INTRODUCTION
The pandemic of type 2 diabetes (T2DM) has reached an epidemic level and shows no signs of abatement, with 592 million cases projected by the year 2035. 1 The main characteristics of T2DM are that raise of blood glucose, insulin resistance, and low insulin sensitivity. 2 It has been widely accepted that obesity is the most important risk c 2018 Chinese Cochrane Center, West China Hospital of Sichuan University and John Wiley & Sons Australia, Ltd associated with some complications such as cardiovascular risk. 6, 7 It has been demonstrated that proper dietary patterns can improve insulin sensitivity and prevent disease progression and complications. 8, 9 Low-carbohydrate, low-fat, Mediterranean diets, Dietary Approaches to Stop Hypertension (DASH), or plant-based diets are recommended by the American Diabetes Association for weight loss in overweight and obese patients who have or are at risk for T2DM. 10, 11 However, the American Diabetes Association also indicates that there is no certain evidence regarding the optimal proportion of energy from fat, protein, and carbohydrates for patients with T2DM. Recent studies suggest that dietary patterns with high monounsaturated fatty acids are associated with the improvement of glycemic control. [12] [13] [14] A Mediterranean diet that contained the largest amounts of dietary fiber and had the highest ratio of monounsaturated to saturated fat is recognized as one of the healthiest dietary patterns for the treatment of metabolic syndrome and has proven to be beneficial for helping to reduce the associated cardiovascular risk and other health outcomes. 15, 16 And evidence from the previous meta-analysis also indicated that Mediterranean diet could decrease the risk of diabetes and could improve glycemic control, weight loss, and cardiovascular risk factors for T2DM patients. 17, 18 However, according to a previous intervention trial, a low-carbohydrate diet showed better effects in improving glycemic control and cardiovascular risk when compared with a Mediterranean diet. 19 Huntriss's meta-analysis also showed that reducing carbohydrate could improve the management of T2DM. 20 Additional evidence showed that low-carbohydrate and Mediterranean diets were associated with better improvement in glycemic control and cardiovascular risk, and they delayed the need for antihyperglycemic drug therapy, when compared to a low fat diet. 21, 22 There has been no consensus concerning the best antidiabetic diet, and there were no head-to-head trials to compare the above mentioned diet patterns. Obviously, it is difficult to determine the best antidiabetic diet patterns using a randomized controlled trial or pairwise comparison meta-analysis. Network meta-analysis has become increasingly popular to evaluate relative effect of multiple interventions and rank ordering of the interventions even if head-to-head comparisons are lacking. 23 Schwingshackl's network meta-analysis 24 first compare the efficacy of different dietary patterns on glycaemic control in patients with T2DM, but they did not investigate the efficacy of dietary patterns on additional important outcomes of weight loss and cardiovascular risk factors for T2DM patients. Our study aims to comprehensively compare the differences between major dietary patterns in the improvement of glycemic control, cardiovascular risk factors, and weight loss for patients with T2DM by using the Frequentist network meta-analysis method.
METHODS AND ANALYSIS

Registration
We registered this review on the international prospective register of a systematic review (PROSPERO). The registration number was CRD42017056432. The study was reported according to the PRISMA extension statement for reporting of systematic reviews incorporating network meta-analyses of health care interventions. 25 
Search strategy
A systematic search was performed in PubMed, EMBASE, and the Cochrane Central Register of Controlled Trials (CENTRAL). Our searches were performed first in December 2016, and were updated in May 2017. The references of included articles and relevant systematic reviews/meta-analysis were tracked to identify additional studies. The search terms included T2DM, non-insulin* depend*, type 2 diabetes, diet therapy, dietary, random*. A detailed search strategy was shown in Appendix 1.
Inclusion and exclusion criteria
Studies met the following criteria were included: type of patients: patients with T2DM. Type of designs: randomized controlled trials and randomized cross-over trial. Type of interventions: at least one of Mediterranean, low-carbohydrate, and low-fat diet. Type of outcomes: the primary outcome was glycemic control (including HbA1c, fasting plasma glucose). Secondary outcomes were cardiovascular risk factors (including total cholesterol, HDL-cholesterol, LDL-cholesterol, and triglycerides) and weight loss (including weight, body mass index [BMI], waist circumference). Other criteria: There were no limitations on the year of publication, publication status, duration of study follow-up or period of study conducting. We excluded studies including type 1 diabetes and gestational diabetes, studies with an exercise cointervention that was not applied in all groups, and studies enrolling a mixed population such as enrolled population with diabetes and hypertension.
Definition of interventions
Mediterranean diet includes the following dietary factors: (1) a high intake of plant foods consisting of fruits and vegetables, whole-grain bread and cereals, nuts, beans, and seeds; (2) foods must be fresh, locally grown and seasonal, unprocessed; (3) a large amount of fresh fruit consumed daily; (4) honey or concentrated sugars are consumed a few times per week in smaller amount; (5) olive oil is considered as a main cooking ingredient of fat; (6) moderate amounts of cheese and yogurt; (7) restrict of intake of red meat. [26] [27] [28] [29] In low-carbohydrate diet, carbohydrate is one of the important sources of energy, minerals, fiber, and vitamins and is considered as the main nutrient that affects blood glucose values. 30 And lowcarbohydrate diet is defined as carbohydrate accounts for less than 26% (<130 of carbohydrate per day) total energy intake. 31 Highcarbohydrate is defined as carbohydrate accounts for 55% of total energy intake.
Low-fat diet requires total energy restriction. Most low-fat diets also restrict the proportion of calories from fat and in some cases, restrictions are placed on the proportion of calories from saturated fat also. And low-fat diet also with the aim of no more than 30% of calories from fat and no more than 10% of calories from saturated fat.
Study selection
Literature search records were imported into ENDNOTE X7 literature management software. A pilot test was performed for literature selection to ensure high interrater reliability among the reviewers. Then two reviewers independently examined the title and abstract of studies found in the search to identify related studies according to eligibility criteria. Finally, full-text versions of all potentially relevant studies were obtained for further selecting.
Data extraction
A standard data abstraction form was created using Microsoft Excel 2013 (Microsoft Corp, Redmond, WA, www.microsoft.com) to collect data of interest. Two independent reviewers extracted following data and conflict was resolved by discussion, including first author, location, study design, study period, study arms, sample, age, BMI, median weight, population, diet patterns and details, diabetes duration, and outcomes.
Risk of bias individual studies
The risk of bias of included RCTs was assessed according to the Cochrane Handbook version 5.1.0, 32 including method of random sequence generation (selection bias), allocation concealment (selection bias), blinding (performance bias and detection bias), incomplete outcome data (detection bias), selective reporting (detection bias), and other sources of bias. We evaluated risk of bias as low, high, or unclear risk of bias. The risk of bias assessment was completed by two independent reviewers, and conflict was resolved by a third reviewer.
We graded each study as low risk of bias according to following criteria: (1) all the six items were a low risk of bias and (2) one or two of six items were assessed as unclear risk and other items were a low risk of bias. We considered studies as high risk of bias if they did not meet low risk of bias criteria.
Network meta-analysis
A Frequentist random-effects network meta-analysis was performed using the package "netmeta" version 0.9-2 of R-3.3.2 software. 33 The function of "decomp.design" was performed to assess the homogeneity in the whole network, the homogeneity within designs, and the homogeneity/consistency between designs. We considered P<0.05 as statistical heterogeneity. We considered the mean difference (MD) was considered as summary effects. Forest plots were drawn by the function of "forest.netmeta." If a loop connecting three arms existed, inconsistency between direct and indirect comparisons was evaluated by node splitting method. 34 Treatment ranking was performed by Pscores. P-scores are based solely on the point estimates and standard errors of the network estimates. 35 We performed a sensitive analysis for the primary outcome by limiting to studies with low risk of bias.
RESULTS
Literature selection
A total of 3291 records were identified initially. After reviewing titles and abstracts, 35 potential records were identified for full-text selection. Six articles were excluded due to non-T2DM, seven do not meet the definition of intervention, two combined other diseases, three combined other interventions, and for seven, no or incomplete were data. Finally, 10 RCTs met our inclusion criteria. [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] The flow graph of literature selection can be found in Figure 1 .
Characteristics of included studies
The characteristics of the included studies are shown in Table 1 . The included RCTs were published between 2006 and 2016. All included RCTs were two arms trials. A total of five kinds of diets were included in this study: mediterranean diet, low-carbohydrate diet, low-fat diet, high-carbohydrate diet, and regular diet ( Figure 2 ). In terms of weight loss, glycemic control, and cardiovascular risk factors, seven studies received interventions of the mediterranean diet, low-fat diet, and lowcarbohydrate diet.
Results of the risk of bias
The results of the risk of bias of included studies are provided in Figure 3 . In terms of adequate sequence generation, all studies showed low risks. Six articles showed unclear risk in blinding of outcome assessment, [36] [37] [38] [43] [44] [45] and eight studies were assessed as unclear risks inadequate allocation concealment. [36] [37] [38] [41] [42] [43] [44] [45] Whereas incomplete outcome bias was judged as high risk and unclear risk in two and one studies, respectively. 38, 39, 43 
Network meta-analysis 3.4.1 Homogeneity assessment
In terms of HbA1c, fasting plasma glucose, HDL-cholesterol, LDLcholesterol, total cholesterol, triglycerides weight, and waist circumference the results showed no statistical heterogeneity among the studies (all P > 0.05). While compared Mediterranean diet to low-fat diet, outcomes of BMI showed statistical heterogeneity (P = 0.0007).
Direct-comparison meta-analysis
Compared to low fat diet, Mediterranean diet showed beneficial reduction in weight (kg), and waist circumference (cm) (MD = -1. (Table 2) .
Indirect-comparison meta-analysis
There was no direct evidence between the Mediterranean diet and low-carbohydrate diet. Indirect evidence showed that compared to low-carbohydrate diet, Mediterranean diet improved the HbA1c (%) (Table 2 ).
Ranking results
The P-score was used to rank the dietary patterns. Table 3 showed that the Mediterranean diet was the top one dietary pattern. It indicated that they had the highest probability of being the best dietary intervention in the improvement of glycemic control (HbA1c: 
Inconsistency between direct and indirect comparisons
It was unnecessary to evaluate the inconsistency between direct and indirect comparisons because a loop connecting three arms did not exist in our study.
Sensitivity analysis
The results of low-risk sensitivity analysis generally confirmed results of the primary analysis (Appendix 2). The results of sensitivity analysis also showed that compared to low-fat diet, Mediterranean diet had RCT, randomized controlled trial; T2DM, T2DM; M, male; F, female; N, total sample; A, intervention group; B, control group. a Maiorino (2016a) only included men and Maiorino (2016b) only included women. 
TA B L E 1 Characteristics of included studies
DISCUSSION
T2DM is caused by the exposure to risk factors of the environment in genetically predisposed subjects. 46 The risk factors of T2DM are modifiable. 47 The incidence of T2DM is related to some risk factors such as diet, sedentary lifestyle, overweight, and increasing aging populations. 48, 49 Moreover, the incidence of cardiovascular disease is related to lifestyle problems in patients with T2DM. 50, 51 Interventions of intensive diet are effective in preventing and managing diabetes. 52 Integrating currently available data, Mediterranean diet appeared to be better than other diet patterns for T2DM patients.
Lifestyle, specifically intensive diet and physical activity, is considered as the effective prevention of T2DM. 53 Sun's meta-analysis F I G U R E 3 Risk of bias of included studies indicated that lifestyle interventions were effective in the improvement of weight loss and HbA1c level. 54 The main source of dietary fat in Mediterranean diet is olive oil, and olive oil has been demonstrated to have beneficial effects on health. [55] [56] [57] Schwingshackl's meta-analysis indicated that intake of olive oil was associated with lower risk to onset T2DM and better glucose metabolism. 58 And evidence from recent systematic reviews and meta-analyses also demonstrated that Mediterranean diet was significantly associated with a reduced risk of cardiovascular mortality, improvement in health status, and significantly reduced HbA1c compared to usual care and low-fat die. 59, 60 Our study showed that Mediterranean diet significantly improved glycemic level, and this result was in line with previous metaanalyses. 18, 60 However, some pairwise meta-analyses showed that compared with other diet, low-carbohydrate diets were more effective in improving HbA1c, which was inconsistent with our study. 61, 62 What we should note is that the mean age of patients included in our reviews was less than 60 years old, and evidence suggested that lowcarbohydrate diets were more effective in improving HbA1c in patients more than 60 years, whereas the Mediterranean diets were more effective in HbA1c improvement in patients less than 60 years, which confirmed results of our study. 24 Mediterranean diets showed a beneficial effect on HbA1c and FBG perhaps because of Mediterranean diets rich in monounsaturated fatty acids, vegetables, fruits, legumes, nuts, and whole grains, which could obstruct production of advanced glycosylated end products or could improve insulin sensitivity. 63, 64 Also, Mediterranean diet improved the lipid level of cardiovascular risk, as it increased HDL-cholesterol levels and reduced total cholesterol, as well as triglycerides levels, which was helpful in the management of T2DM with high cardiovascular risk. It is noteworthy that the improvement of HbA1c assessment could predict cardiovascular disease risk when to decrease 0.1% in HbA1c would be estimated to reduce approximately 7% in cardiovascular disease risk, 65 which may explain the reasonability of our results. Recent network metaanalysis including nine dietary patterns aimed to investigate the effect of different diets on the management of T2DM, 24 the results of this meta-analysis showed that Mediterranean diet is the most effective diet pattern to improve glycaemic control in T2DM patients, which was consistent with our results. However, they only focused on the glycemic control outcome in patients with T2DM. Evidence has suggested that higher glycemic levels are associated with higher cardiovascular disease incidence. 65 We added the evidence for the efficacy of different diet patterns in cardiovascular risk factors, and our results showed that Mediterranean diet showed beneficial effects in cardiovascular risk factors when compared with low-fat diets.
The application of a network meta-analysis is one of the strength of our study. Ten RCTs were included in our study. Most of them focused on the comparison of the Mediterranean diet and low-fat diet, as well as the comparison of low-carbohydrate diet and low-fat diet. There was no direct evidence to compare the differences among Mediterranean diet, low-carbohydrate, and a high-carbohydrate diet.
Present study first combined direct and indirect evidence to assess the effect differences between different dietary patterns. However, there were some limitations in our study. First, there were no significant differences for most of the outcomes between dietary patterns. A possible explanation was that Mediterranean diet, low-fat diet, and low-carbohydrate diet were a healthy diet. Second, the number of included studies was small, leading to inadequate statistical power for these dietary patterns. Last, heterogeneity exists in our analysis. Trials included in our network meta-analyses showed variations in population characteristics (eg, age, gender, study duration, type of population, and sample size). However, because of the limited study number, subgroup analysis cannot be performed to make further exploration of heterogeneity. 
TA B L E 2 Results of network meta-analyses
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